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?????????????? (Personal Computer: PC)??????????? 1


















? 2010????32 nm??????????????????? [2]?
?????????????????????????????????????









































































































??????????200 kV?????? 0.1 nm????????????????






?? ???? ?? ??????
????? (IR) ??? ??????? ???????
Infrared Spectroscopy ????
?????? ????? ????? ???????
Raman Spectroscopy (?????) ????
X??????? (XPS) X? ??? ???????
X-ray Photoelectron ????
Spectroscopy
??X???? (XRF) X? ??X? ???????
X-ray Fluorescence Analysis
????????? (AES) ????? ?????? ???????
Auger Electron Spectroscopy
???????? (SEM) ????? ???? ????
Scanning Electron Microscopy
???????? (TEM) ????? ???? ????
Transmission Electron
Microscopy
??????? (SPM) ?? ??????? ?????????

















































??? [22{25]????????????????? [26]???????? [27]???
???? [28, 29]??????????????????????????????











??????????????? IT?? (1.1)????????????? z???
??????
IT / VTs(EF) exp( A1=2z) (1.1)
????s(EF)???????????????????????????????
?????????A? 1.025 A 1eV 1=2?????? [33,34]??????? = 5 eV



















AFM??????????????????????????? (Contact Mode) [15]
?????????????????????????????????????
???????? (Dynamic Mode) ??????????DFM(Dynamic Force Mi-
croscopy)???????????????????????????????????
????? (Amplitude Modulation: AM) AFM [35]?????????? (Frequency




















































"LJ = 0:01 eV? = 0:25 nm?n = 5:0 1028 m 3?R = 50 nm??????????
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???????? (inter-mittent contact) ????????????? (tapping) ??
??????(i)??????????AFM???????? 1.7?????????
???????????? (lock-in)??????RMS-DC(Root Mean Squared value































































?????????? (FES)!m ????????????????? !m?????
??!m???????????????????????????????????








































(laser)??????????? 2????? 4?????????? (photodiode)?
???? (segment)???????????? (Photo-Detector: PD)???????
?????????????????? PD??????????????????
?????????? PD??????????????????????????












































































































MP-SPM? 1991??Tsukamoto????? 2?????????? STM????
????????? (Dual-Probe: DP) STM?????????????? [55]??
????2?????HOPG (Highly Oriented Pyrolytic Graphite) ????????
?????????? 1.5 mm???? 0.1 m?????????STM?????
??????????????????????????????????????
STM???? [56{61]?????????????????? STM [60, 62{65]?4?










































Dip Pen Nanolithography ? ??
Ali?????AFM????????????????????????????









Watanabe ?? 3 ????? AFM ?????SiO2 ?? DNA(Deoxyribo Nucleic
































??? SCM(Scanning Capacitance Microscopy)????????????????
???? [137,138]??????????????????????????????





























???????STM????????? 100 nm???????? 1.11??????
????????????? 2???????????????? CNT?????
????????? STM??????????MP-SPM????????????




































































































































????????????????? I V????? (? 2.3(a))???????
???????????????LPF(Low-Pass Filter)???????? (? 2.3(b))
???AM???????PZT????????????????????????
??????????????????? \A B out"??????????????


























? 2.3: PZT??????????? I V???????????? (a)?????
?????????????? (b)
? 2.4: PZT????????? SEM?
30
? 2.5: PZT???????????????????????????
? 2.6: 2???????????: ????????????? (a)???????
?????? (b)
????????PZT????????????????????????????






































































































































????????????? 2.14(a)????????? r ????? (r; ; ')??
??????????????????????x???????????????






? 2.14: ?????????????? (a); ??????? z??????????
???? (b)
????????????A??B????(
b =    a




????????B?????? ( r cos a cos'a; r cos a sin'a; r sin a)??????
???? d??? PD???????????? (D)?????????
D = 2
q
r2   (r cos a sin'a)2
= 2r
q
1  cos2 a sin2 'a (2.3)




1  cos2 a sin2 'a (2.4)




























D? = 2d? cos cos a (2.7)
??????











1  cos2 a sin2 'a
















































????? ???, ???????, ??????? ???
???????, ??, ??????? ????
????, ???????, ???? ???&????
????? ????, ???, ?? ?????
???????, ??????? ????
























?? ????? ???? ??? ????
AC?????? ?? 1? 30 Nm 100 ms
DC?????? ?? 1? 200 Nm 10 ms
????????? 1,000 mm 10 m 300 N 100 ms
?????? 1 mm 0.1 m 300 N 1 ms
????????? 100 m 0.01 m 30 N/mm2 0.1 ms






































































































































































?? [173]?? 2.22? 2????????????????????? 2.22(a)??
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??????????? 2.25(a)? \local oscillator"???????????????
?????????AC???????????????? (potentiometer)????
??????????? (??? \excitation"????) ?????????????
???`input"???????HPF (High Pass Filter)??????????????
????RMS-DC????? (\AM output"????) ?
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???? fl =4.5 MHz+f0???? 4.5 MHz f0???fl  f0 ??????????








































AFM???????????PI???????????????? (??? \AC in"
????)????????????? 0 V?????????????????
??????????????????????FM???????????? (NF






























































































? MDPlan 5(WD: Working Distance: 20 mm, NA: Numerical Aperture: 0.1)? 50?
?????? SLMPlan 50(WD: 18 mm, NA: 0.35)? 2????????????









?????? (coherence)????????? (RF: Radio Frequency)???????































































?? 4 bit???????????????DC????? \DC in"????????
??????????????




? 3.9: ?????????? (a)?????? (b)
? 3.10: ??????? SEM?; NanoWorld AG? NCH(a), NanoWorld AG?
ATEC-NC(b)
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? (2.9)-(2.11)??????????????xy ???? 63.1 nm/V?z ????
12.7 nm/V????????????? 0.5 mm????????????????
?????? 260 Vp p????????AFM?????????????? xy?






?????? (299.4?300.6 kHz, 3 Vp p ???)?????????? (4.2 MHz,
3 Vp p ???)? FM????????????????????????????
????FM???????????????????? 3.13???????? (299.7
?300.3 kHz)???????????Probe1?Probe2???? 6.5 mV/Hz????
???????



































1. ??????????????????????????? 2?????? 2?





































HOPG??????????? (10, 12-pentacosadiynoic acid: CH3(CH2)11 CC C
 (CH2)8COOH???????????????????????????????
??????????????? 4.310 4 M????????? HOPG????
?????? (500 rpm, 10 s)???????????? FM-AFM???????
? 3.18(a)??????????NanoWorld AG? NCH(????: 42 N/m)????











???????? [m] 4.6 3 2
??????? [m] 45 35 50
???????? [m] 160 240 450
???? [N/m] 45 2.8 0.2








? 3.17: 2?????? FM-AFM????????????????????
76
?????HOPG???????????????? STM???????????















???????????? (2.8)???????????r = 50 mm?a = 31?'a =
66? = 13??? lCL = 125 m????????????? z????????

















































Sh = aD + bD?




? 3.20: D???D??????????: ?????? (a), ?????? (b)
80









?D???? Sh? Sv?????????? 3.22????????????Gd=b?
??Ga=c??????????????????Gd=b = d=b?Ga=c = a=c?????
???????????? S 0h? z???????????????????????
?????AFM???????????
















?? S 0h?S 0v?? 3.25????Sh? Sv? 2?????? z??????0?850 nm?
???????????????????????????????????????










































































































































?????????????? M Plan Apo 10????????????????
33.5 mm????NA? 0.28?????????????? 0.61=NA??????





???? 4.8??????????????? Thorlabs? 352330????????
?????? HBCH-10-550??????????????????? PBS-10-6328?











?????????????????????????? LD??????? 4 mW
???????????? 1/2?????? 2 mW????????????????
4.2.2 ??????????
? 4.9(a)??????????????????????????????????














? 4.10???????????? NanoWorld AG? NCHR??????????


















? 4.9: ???DP-AFM???????????????????: ???????
(a), ??????? (b)
? 4.10: ??? DP-AFM??????????????????????????
??
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?????? (337.713 kHz)??????????????? 4.12(a)??Probe1??



























????DC???????NF Electronic Instruments? ????????????




































































???: ?????? (a), ???? (b), ????? (c), ?????PZT???? (d),








? [14]?? 4.14(f)???????????????????????? (NEC???



















??? (2.9)-(2.11)??????????xy???? 69.3 nm/V?z???? 5.3 nm/V
???????????????????????????????? 4.1?????
??????? 0.5 mm??????????????????????AFM???

















? 4.2: ??????? z????; ?????????????????? L???










Probe1?Probe2? xy????????L???? S???? 2?????????
???????????????????????????????L????300 V?
S???? 120 V????L????? 3??S????? 10??????????
?AFM??????1????????????????????????????
???????????????????????????????????














? 0 V??????????????????????????????? (Tektronix
? TDS2024B)??????????? 4.19????
103
? 4.18: ????? 1???????????: Probe1(a), Perobe2(b); ??????
???????????? L???? 300 V, S???? 120 V
104
? 4.19: ?????????????????? (a), MESS-TEK????????








































































































































? 4.20: ????? (?????????)?????????? LPF???: ???







AG? PPP-NCH?????: 42 N/m??????????????????????
???????????????? 4.23????????poly-PTS??? bc??













?? FM-AFM??? 4.25?????????? NanoWorld AG? NCH(????:
42 N/m)?????????????? 1.310 1 Pa??????????????






? 4.23: ???????? poly-PTS bc??AM-AFM?
109




















? 4.25: ?????????? (a)?????????????????FM-AFM?
(b)
111
? 4.26: ??????????????????????? (a), ???? (b)???
????? (c)




























































??????????? 26 C?????????????? 2????????




?????; ?? (a), ?? (b), ???? (c)???
115
? 4.30: ????? (a), ????? (b), ????? (c)???


















?? 180 min???????????????????????180 min?????
???????????????????? 4.3??????
???????Probe2? 9.2 nm/min?????????????????????
???????????????????? 10 nm????????????? 50 nm
?????????????????? 4.33??????????????????
117
? 4.3: ???????????????????? 1????????
x [nm/min] y [nm/min] total [nm/min]
Probe1 1.3 4.7 4.9
Probe2 4.0 8.3 9.2
? 4.33: ????????????????????????












???????? 10 mV????????????180 min???????????
?????????Probe1? 39 V/min?Probe2? 1.0 mV/min????????
??1.0 mV/min???? 2.8 N/m??????????????????????
























































?????????? Si?? (300 nm SiO2/highly doped p-Si)???????
????????????????????????????? 50 C??????
0.05 nm/min??? 50 nm(??????)???????????????? 1???
???AFM?????????????? 25 nm??????????: 50 m, ??
???: 1 mm?????????? FET???? 5.3????
FET??? KEITHLEY ?????????????? 4200-SCS????5.5 


















???????????? 60 C?????? 0.05 nm/min??? 10 nm(?????
122
? 5.3: ?? 1?AFM? (a)???????????? Id   Vd?? (b)
? 5.4: ?? 2?AFM?
123
? 5.5: ?? 2???? (a), ??? (b)????? Id   Vd??? Vd = 3 V????
Id   Vg???? (c); ???????????? 3.55 m, ??????? 3.74 m
? 5.6: FET?????????
124






????????? 3.55 m???????? 3.74 m??????????????
??????? 1??? 104 Pa?????????????????? (1.310 1 Pa
??)????????????????? 30?????????????????
??????????????????? Id   Vd???????? p?OFET??
??????????????????
??????????? 5.5(a)?????????? 5.5(b)???????Id?Vd =
0 V????????VdT?????????????????????VdT = 0:8 V?
???? VdT = 0:5 V????????????????????????????
??????????? VdT = 0 V????????DP-AFM???????? VdT
? 0 V?? 2 V???????????????????????????????
??????????
????? VdT? 0 V???????????????????????????
????????? 5.6??????? [199]???????Au?????????
????????????? 5.7?????????????Au?????????
??????????? (Highest Occupied Molecular Orbital: HOMO)??????



















????Vd = 3 V?? Id   Vg???????????????Vg = 0 V?????
?????? 44 pA????? 122 pA?????????????????????
?????? Vg = 0 V?Vd =  3 V?? Id??????Vg =  5 V?Vd =  3 V?









?? 1?????290 nm???????? 2?????????????????
????????????????????????? Id   Vd???? 5.8????
????Vg =  5 V?????????? (Vd  VdT)?????Rtotal??????
?????????? 5.9??????????????????? 2.8 N/m???
??????? 20 mV/nm??????????????????????????
?? 0 nN???(iv)?????????????????????????????




(iv)??????????? 10 mV??????????????? 1.5 nN????????
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????? [203]?????F?????1?2? 2?????????E1?E2? 2??
?????????????????????0.4 [204]??????1.61010 Pa [205]?





















FET???????????? 50 nN??????? 5.12???????????
















?????? 300 nm? SiO2????? 50 nm?????????????????
??? 5 nm?????????????? lch??????SiO2???????? (x
??)???? (y??)????? lch? 4??2????SiO2?????? 3.9??
?????????? 4.0??? [207]?????????SiO2???? Vg =  3 V?
?????? 0 V???????? Vd =  1 V??????
?????????????????lch = 280 nm?????? 5.14????? 5.14(a)
???/?????????? 5.14(b)???? y????????????????
??????x??????????? I,II???????????????????






/ Ech(x)(Vg   Vch(x)) (5.5)




? 5.11: ??????????????? AFM? (a)?????????????





















???????? [208]?????? 5.3(b)????????? FET?????DP-














? 5.14: ?????????????? (lch = 280 nm); ??/???????? (a)?
??? y?? (b); ??? I,II??????????????????????
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???: 45 N/m, PtIr???)????????????????????Probe2?
??ATEC-EFM(????: 2.8 N/m, PtIr???) ???????????????
??poly-PTS??????????????????????KFM???????
??????KFM?????? 2 kHz?1 Vrms????
?????????? poly-PTS?????????????? poly-PTS????
??? 5.18?????????????????????????????? b??
? 5.19: ????????: ???? (a), ???? (b)
136




























? 5 V????????Probe2???? 0 V??????????b??????























? 5.22: ???????KFM?; ???? Probe2???????????; ???
? b????
? 5.23: ???????KFM?; ???? Probe2???????????; ???
? b????
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?????????poly-PTS?????p?????????????? 2.0 eV [213]?







































??????????????? x : y : z = 1 : 1000 : 1??????????
x : y : z = 5 : 1000 : 1??????
Probe2????????????? 200 nm?????????????????
???????+10 V???? 10 V?????????????????????
?? 5.27(a)(b)???? 1????? 0 V??????????????? 5.27(c)(d)
141
? 5.26: KFM???????????????;????????+10 V(a),  10 V(b);
????????+5 V(c),  5 V(d)
142
??????? 0 V????






























1. 0.1 M?HTAB? 0.1 M?OTAB?????? 40 C??????????
143
? 5.27: ??????????? poly-PTS?????: ?????????????
???1??? 0 V??????? (a)(b), ??? 0 V??????? (c)(d); ???
????? x : y : z = 1 : 1000 : 1(a)(c), x : y : z = 5 : 1000 : 1(b)(d)????;
(c)????? I, (d)????? II?????????? (e)
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? 5.28: ?????????????AFM?
2. ????????? (40 C) 1875 L????0.01 M?????????III??
???? (HAuCl4  H2O,???????)?? 62.5 L?0.01 M???????
????? (NaBH4, ???????) ?? 150 L ? 40 C?????Au??
?????????????
3. NaBH4?????????? 2?????????????????????
??????????????Au????? 20 C? 2????????
4. 9500 L????????? (40 C)?400 L? 0.01 M ????????III?
????????64 L? 0.1 M??????? (C6H8O6, ???????)?
?? 40 C??????
5. ?????????? 17 L?Au????????10????????????
6. ????????? 20 C??????? ????????????
7. ??1400 L? 5000 rpm? 5????????????????????700 L

















??????? 20 nm?????????????KEITHLEY? ????????
6487?????????? 1:3 10 1 Pa???????????
5.3.3 ???????
? 5.29???????????????????????????????????







? Rg??????????????????? Rc ??????????????
Rm = Rg + 2Rc????
?????????????????????????????????????
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? 5.30: ???????? 20 nm???????????????????????
???????????
?????????????????Durkan???????? 25 nm??????
? [221]????????????? 20 nm?Au????????????????
???????????Au???????? 49 (
  cm) 1??? [225]??? 20 nm?




? 5.30????????????????ATEC-NCPT?????: 20 nm, PtIr??
????????? 492 
??????????????????????????
?OLYMPUS ??????????? 350 















































































































 ????????????? 30 nm?Au?????????????????






































































































































































? A.2: 2?? PZT???????????????AFM????????
159
? A.3: ???????????????????????????????
? A.4: ???????????? SEM?: FIB????????? (a), ?????
????? (b)
160












































? B.2: Probe1, Probe2??????????????? AFM? (a)(b)?????
????AFM? (c)(d)
? B.3: Au???????????????? SEM?
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